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1 Description 
2 

3 Method for the generation of electrical pulses 
4 

5 The invention relates to a method for the generation of 

6 electrical pulses, in which input signals from a reference 

7 source are fed into calculation means, under program control 

8 using entered parameters the calculation means calculate 

9 control values dependent on the input signals for 

10 controlling a pulse generation circuit, and the pulse 

11 generation circuit generates a temporal sequence of 

12 electrical voltage levels at at least one output as a 

13 function of the control values. 
14 

15 Problems occur with regard to generating electrical pulses 

16 in a large number of technical systems. The situation is 

17 known from motor vehicles, for example, where a rotating 

18 mechanical system, namely a component of the motor vehicle 

19 engine, serves as a reference source which uses cyclically 

20 repeated signals as a reference for the generation of 

21 electrical control pulses that are in turn used for 

22 controlling further electromechanical devices such as 

23 injection valves, injectors etc. In accordance with the 

24 terminology of the preamble of Claim 1, three levels can be 

25 functionally differentiated in this situation. The actual 

26 electrical pulses are generated as a temporal sequence of 

27 different electrical voltage levels at the output of an 

28 actual pulse generation circuit. This can for example 

2 9 comprise an arrangement of transistors and other electronic 

3 0 components which are controlled in a suitable manner by the 

31 input of control values. The control values are the result 

32 of a calculation by calculation means, a microprocessor for 

33 example, which receive on the one hand reference signals as 

34 their input data from a cyclical reference source and on the 
3 5 other hand use certain computing rules and parameters in 

36 order to define the pulses to be generated, with the result 



PCT/EP2004/051127 / 2 003P07676WOUS 

2 

1 that a conversion of this information into control values 

2 suitable for the special pulse generation circuit can take 

3 place. It should be noted that the division into three 

4 functional levels is only used for purposes of explanation 

5 within the scope of the present description, and that with 

6 regard to the concrete, technical implementation the 

7 calculation means and pulse generation circuit can for 

8 example be designed as a combined device however, as an 

9 interface card or similar for example. 
10 

11 In the case of generic devices according to the prior art, 

12 the pulses are always defined in a fixed manner, in other 

13 words by means of specified parameters, and the definitions 

14 of different pulses are differentiated solely in the sizes 

15 of the definition parameters. A pulse is thus frequently 

16 defined by its beginning and its duration, whereby the 

17 beginning is described as an angle and the duration as a 

18 time. Another known possible means of definition consists in 

19 describing the pulse by means of its end and its duration, 

20 whereby the end is described as an angle and the duration as 

21 a time. Finally, a method is known for describing a single 

22 pulse by its beginning and its end, whereby both parameters 

23 take the form of an angle. The type of definition 

24 specifically chosen depends on the control values which are 

25 required in order to control the pulse generation circuit. 
26 

27 This arrangement conceals a significant disadvantage. The 

28 definitions of different pulses generally originate from 

29 mathematical calculations representing physical events. If, 

30 for example, the physical events change during the operation 

31 of the overall system it may be the case that changed pulses 

32 need to be calculated and generated, whereby the 

33 mathematical description of the changed physical events 

34 would be provided most advantageously by means of an adapted 

35 pulse definition with adapted parameters. Instead, in the 

36 case of known systems it is merely possible to change the 
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1 sizes of the defined parameters in such a way that a pulse 

2 definition must be used which does not result naturally from 

3 the mathematical modeling of the underlying physical events. 

4 This results in more complex programming and longer 

5 calculation times. 
6 

7 An object of the present invention is to develop a generic 

8 method such that the aforementioned problems associated with 

9 the prior art are overcome, in particular to set down a 

10 method which enables greater flexibility in the definition 

11 of the pulses to be generated. This object is achieved in 

12 conjunction with the features of the preamble of Claim 1 by 

13 the fact that the entered parameters in each case comprise a 

14 pair of values, of which one value represents a size for the 

15 entered parameter and another value represents a type for 

16 the entered parameter, and the processing of the size for 

17 the parameter in the calculation means takes place as a 

18 function of the type of the entered parameter. 
19 

2 0 According to the invention, the parameters for the 

21 definition of the pulses are entered as a pair of values, of 

22 which one value, as previously, represents the size for the 

23 parameter. An additional value specifies the type of the 

24 parameter, in other words whether it is for example an 
2 5 angle, a time or some other type of parameter. The 

26 calculation means are able to use the additional value to 

27 correctly categorize and interpret the size value for the 

2 8 parameter and to execute the suitable subroutines in order 

29 to calculate the control values for controlling the actual 

30 pulse generation circuit. 
31 

32 Provision is advantageously made whereby each pulse to be 

33 output by the pulse generation circuit is defined by means 

34 of two parameters. This is the number of parameters which is 

3 5 required and sufficient for defining a pulse. As mentioned 
36 previously, the calculation means are able to use the 
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1 additional values for each individual parameter to correctly 

2 categorize the entered parameters. They are preferably also 

3 able to choose and execute the suitable routines for 

4 calculating the control values for the pulse generation 

5 circuit from the combination of the types of the parameter 

6 pair entered for defining a pulse. 
7 

8 The parameters used for defining a pulse can represent time 

9 and/or angle sizes. In this situation, a pulse can be 

10 defined for example by an angle size and a time size. It is 

11 thus possible for example to specify the position of the 

12 pulse on the basis of the angle of the beginning of the 

13 pulse relative to a reference angle and also the pulse 

14 duration as a time. It is similarly possible to specify the 

15 pulse position as the angle of the end of the pulse relative 

16 to a reference angle and the pulse duration as a (negative) 

17 time. The reference angle can be an absolute reference 

18 angle, for example a top dead center inan engine, serving 

19 as the reference source. On the other hand, a characteristic 

2 0 value for an adjacent pulse can also serve as the reference 

21 angle. With regard to a different approach, which can also 

22 result in a pulse definition by means of an angle size and a 

23 time size, it is not a position and a pulse duration but two 

24 positions, namely that of a falling edge and that of a 

25 rising edge, which are determined. Without restricting the 

26 universality, it is assumed in the following to be a case of 

27 negative pulses whose falling edge precedes the rising edge 

28 in time. The invention can naturally also be applied to 

29 positive pulses having a reversed sequence of falling and 

3 0 rising edges. 
31 

3 2 With regard to another preferred embodiment of the method 

3 3 according to the invention, provision is made whereby two 

34 angle sizes are used for the definition of a pulse. 

3 5 Provision can be made here for example to specify the 

36 position of the beginning of the pulse as an angle relative 
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1 to a reference angle and the pulse duration as a difference 

2 angle. It is similarly possible to specify the position of 

3 the end of the pulse as an angle relative to a reference 

4 angle and the pulse duration as a (negative) difference 

5 angle. Instead of the position and pulse duration, with this 

6 embodiment it is also possible to describe a pulse by 

7 specifying its falling and rising edges which are then 

8 defined in each case as an angle relative to a reference 

9 angle. It also holds true here that the reference angle can 

10 be both an absolute reference angle and also an angle 

11 relating to an adjacent pulse. 
12 

13 Finally, as provided in the case of a further preferred 

14 embodiment of the method according to the invention, it is 

15 possible for two time sizes to be used for the definition of 

16 a pulse. In this case, it is possible for example to specify 

17 the position of the beginning of the pulse as a first time 

18 and the pulse duration as a second time. According to the 

19 second methodology, the two edges of a pulse can also each 

20 be specified by means of a time value. In this situation, 

21 the time specification can in each, case be made relative to 

22 a temporally preceding point in time or relative to a 

23 temporally following point in time, which results in the 

24 specification of positive and negative times respectively. 

25 This makes it possible to define the pulses relative to 

26 absolute reference points in time, relative to adjacent 

27 preceding pulses or relative to adjacent following pulses. 
28 

29 As a result of the diversity of options provided according 

30 to the invention for the definition of the pulses to be 

31 generated the overall system can be implemented in a 

32 particularly flexible manner and the pulse definition can 

33 take place in each case in such manner as results most 

34 favorably from the mathematical modeling of the underlying 

35 physical problem or of the physical circumstances. 
36 
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1 In a preferred embodiment of the method according to the 

2 invention, provision is made whereby the definition of a 

3 pulse is different during different cycles of the method. As 

4 mentioned previously, a change in the pulse definition is 

5 then frequently required when physical circumstances 

6 affecting the overall system change. The changes are often 

7 of a type which necessitates changed modeling of the 

8 physical circumstances. This can in turn make it appear 

9 advantageous to change the manner of definition for the 

10 pulses to be generated. The present invention makes it 

11 possible to always use the optimized manner of definition 

12 instead, as in the prior art, of having to keep to a fixed 

13 manner of definition and merely being able to change the 

14 parameter sizes. 
15 

16 The system referred to above . as "overall system" will often 

17 be an electromechanical system whose current physical 

18 conditions , dependent for exkmple on a special operating 

19 state, predetermine the optimum manner of definition for the 

20 parameters. In this situation, in particular the reference 

21 source will particularly frequently comprise a rotating 

22 mechanical system such as rotating components of the engine 

23 of a motor vehicle, for example. 
24 

25 It should be noted that, although within the scope of this 

26 description reference is always made to individual pulses 

27 and their definition, it is not imperative for the present 

28 invention that each individual pulse generated is calculated 

29 individually by the computing unit on the basis of separate 

30 input values. It is naturally also possible to perform the 

31 re-calculation simply in the event of definition or size 

32 changes. 
33 

34 Further details of the present invention will emerge from 

35 the detailed description which follows with reference to the 
3 6 drawings. In the drawings: 
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Figure 1 shows a tree diagram providing an explanation of 
the pulse definition according to the invention, 

Figure 2 shows a functional block diagram illustrating the 
method according to the invention, 

Figure 3 shows four examples of a possible pulse 
definition, 

Figure 4 shows four further examples of a possible pulse 
definition, 

Figure 5 shows four further examples of a possible pulse 
definition, and 

Figure 6 shows an example of the definition of a pulse 
sequence . 

Figure 1 schematically illustrates the structure of a pulse 
definition according to. the invention. Each pulse 15 is 
preferably defined by means of two parameters which for 
their part are each entered as a pair of values into the 
calculation means. Each pair of values comprises a value for 
the actual parameter size and an additional value for 
determining the parameter type (for example angle, time 
etc.) . It should be noted that the term input should be 
understood in a broad sense within the scope of this 
description and includes the incorporation of values from 
any suitable type of interfaces (for example software 
interface, hardware interface, own calculation etc. ). 

Figure 2 shows a functional block diagram of the method 
according to the invention. A calculation means block 10 
receives input values from a reference source 11 on the one 
hand. Any harmonically oscillating system is suitable for 
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1 this purpose, rotating systems in particular, such as the 

2 engine of a motor vehicle for example, whereby merely 

3 characteristic values, denoting the respective top dead 

4 centers for example, need to be transferred to the 

5 calculation means 10. On the other hand, the calculation 

6 means 10 receive pulse definitions constructed by a 

7 parameter source 12 in accordance with Figure 1. Different 

8 combinations of angles (a, (3) and/or time values (T,t 1 ,t 2 ) 

9 symbolize possible parameter combinations by way of example. 
10 

11 Using the reference values from the reference source 11, the 

12 calculation means calculate from the pulse definitions 

13 control values which are used for controlling the actual 

14 pulse generation circuit 13. In response to the input of the 

15 control values the pulse generation circuit 13 makes 

16 available at its outputs 14 a sequence of different 

17 electrical voltage levels which represent the desired pulse 

18 sequence 15. As mentioned previously, the functional 

19 division as illustrated in Figure 2 is undertaken only in 
2 0 order to provide a better explanation of the present 

21 invention. Systems actually implemented can collectively 

22 incorporate a plurality of the units shown or in a different 

2 3 grouping. 
24 

25 Figure 3 illustrates four possible options for pulse 

26 definition by means of pulse position and pulse duration, 

27 whereby at least one angle parameter is used in each case. 

~ 28 Figure 3a shows the pulse definition given by specifying the 

29 position of the beginning of the pulse as angle a relative 

3 0 to a reference angle and the pulse duration given by 

31 specifying a difference angle (3 relative to the position 

32 angle a. 
33 

34 Figure 3b shows a pulse definition given by specifying the 

35 end of the pulse as angle y relative to a reference angle 
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1 and by specifying the pulse duration as a negative 

2 difference angle -(3 relative to the position angle y. 
3 

4 Like Figure 3a, Figure 3c shows a pulse definition given by 

5 specifying the beginning of the pulse as angle a relative to 

6 a reference angle. In this case, however, the pulse duration 

7 is specified as a time x. 
8 

9 Like Figure 3b, Figure 3d shows a pulse definition given by 

10 specifying the end of the pulse as angle y relative to a 

11 reference angle. In this case, however, the pulse duration 

12 is specified as a negative time -T. 
13 

14 Figure 4 shows possible options for pulse definition of 

15 pulse n by using two time parameters. In this situation, 

16 Figure 4a shows the pulse definition given by specifying the 

17 beginning of the pulse as time Ti relative to a reference 

18 time, in particular to the end of a preceding pulse n-1. The 

19 pulse duration is specified as time x 2 . 
20 

21 Figure 4b shows a pulse definition given by specifying the 

22 end of the pulse as time T 3 relative to a reference point in 

23 time, in particular to the end of the preceding pulse n-1. 

24 The pulse duration is specified here as a negative time -T 2 . 
25 

26 Figure 4c shows a pulse definition given by specifying the 

27 beginning of the pulse as a negative time -t 4 relative to a 

28 temporally following reference point in time, here in 

29 particular relative to the beginning of the following pulse 

30 n+1. The pulse duration is specified as time T 2 - 
31 

32 Figure 4d shows a pulse definition given by specifying the 

33 end of the pulse as a negative time -T 5 relative to a 

34 temporally following reference point in time, here in 

35 particular relative to the beginning of the following pulse 
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1 n+1. The pulse duration is specified here as a negative time 

2 -X 2 . 
3 

4 Figure 5 shows examples of pulse definition in which it is 

5 not the pulse position and pulse duration that are specified 

6 but the locations of the falling edge and the rising edge. 

7 With regard to the negative pulses shown in this example, 

8 the falling edge precedes the rising edge in time. The 

9 person skilled in the art will however experience no 

10 difficulties in transferring to positive pulses, in which 

11 situation the rising edge precedes the falling edge in time. 

12 Figure 5a shows a pulse definition whereby the falling and 

13 rising edges are each defined as angles a and P respectively 

14 relative to a reference angle. 
15 

16 In the example shown in Figure 5b the location of the 

17 falling edge is likewise defined as angle a relative to a 

18 reference angle, whereas the location of the rising edge is 

19 described as a time t relative to the falling edge. 
20 

21 Figure 5c shows the determination of the rising edge as 

22 angle (3 relative to a reference angle and the determination 

23 of the falling edge as time specification t relative to the 

24 rising edge . 
25 

26 Figure 5d finally shows the determination of the falling 

27 edge as time specification ti relative to a temporally 

28 preceding event, here in particular relative to the rising 

29 edge of the temporally preceding pulse. The rising edge is 

30 described in this example as time specification t 2 relative 

31 to the falling edge. 
32 

33 Figure 6 finally shows an example of a pulse sequence in 

34 which the individual pulses are defined in different ways. 

35 Pulse n-1 is defined by the specification of an angle a for 

36 its falling edge and also by a further angle p for its 
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1 rising edge. In this situation, both angles a, P refer to a 

2 reference value which is not shown. The pulse n-1 

3 corresponds to an example according to Figure 5a. The 

4 following pulse n is defined by a time specification ti for 

5 its falling edge, whereby this time specification is 

6 determined relative to the rising edge of the preceding 

7 pulse n-1. The rising edge of pulse n is defined as time t 2 

8 relative to the falling edge of pulse n. This corresponds to 

9 a pulse definition according to Figure 5d. Finally, the 

10 temporally following pulse n+1 is defined in the same way as 

11 pulse n, whereby however the size for the time parameter t'i 

12 changes for determining the falling edge whereas the size 

13 for the time parameter t 2 remains unchanged for determining 

14 the rising edge. 
15 

16 The embodiments of the present invention described and shown 

17 in the figures naturally simply represent particularly 

18 favorable and advantageous exemplary embodiments which serve 

19 simply to illustrate the invention and are not intended to 

20 restrict its scope in any way. In particular, instead of or 

21 in addition to the aforementioned angle and time 

22 specifications it is possible to use other physical or 

23 mathematical sizes in order to define the pulses. 
24 

25 The features of the invention disclosed in the above 

26 description, in the drawings and also in the claims can be 

27 important both individually and also in any desired 

28 combination for the realization of the invention. 



